INTRODUCTION
In September 2000, seven millennium development goals (MDGs) were agreed by the United Nations millennium summit, intended to combat poverty, hunger, illiteracy, environmental degradation and discrimination against women. 1 The third MDG is 'to promote gender equality and to empower women', measured against the targets of achieving gender parity in education and levels of female literacy and representation in government. MDG 7 is 'to ensure environmental sustainability', with target 10 'to halve the proportion of people without access to safe drinking water and sanitation by 2015'. Indicators for this are the proportions of rural and urban populations with sustainable access to improved water and sanitation.
It appears that success in reaching these targets is still a long way off. Halfway through the period, less than 20% of developing countries are on track or have achieved the target for safe water access. Less than 35% have improved access to sanitation, 2 with the percentage for sub-Saharan Africa actually decreasing. The picture is even bleaker in fragile states, with access to water and sanitation of 6 and 15% respectively. It is estimated that by the 2015 deadline, the target for improved sanitation access will have been missed for 600 million people. 3 There is a strong interdependence between the MDGs, how they can be achieved and the benefits they will accrue. A simple example of this is if a woman can get enough safe water for her family from a nearby pump, she has more time and opportunity to improve her life and her family's lives through education, paid work and better health. Furthermore, if women are responsible for decisions about where that pump needs to be placed and what needs to happen to make sure it is well used, the benefits are even greater. Estimates suggest that women and girls in Africa spend a total of 40 billion hours each year fetching and carrying water, that may not even be safe to drink, from sources that are often far away. 4 In recognition of the fundamental link between MDG 3 and MDG 7, the UN millennium project task force on education and gender equality has proposed that additional indicators for MDG 3 should include the 'hours per day (or year) that women and men spend fetching water and collecting fuel'. 5 This paper provides a synthesis of the evidence gathered for the Water Supply and Sanitation Collaborative Council (WSSCC). 6 It demonstrates the ways in which women's wellbeing and water supply, sanitation facilities and hygiene practice are inextricably linked. The first section shows that focusing on women's interests relating to water and sanitation provision has a direct impact on the way women experience life, in the tasks they perform, their potential and opportunities and the difficulties they face. The second section takes this further by providing examples of the benefits to women when they are involved in the planning, implementation and operations of water supply, sanitation and hygiene programmes. The work draws on a variety of sources: recent literature, project reports and personal correspondence between the author and those involved in initiatives that are not fully documented.
A FOCUS ON WOMEN'S INTERESTS
If women's needs, interests and perspectives are placed at the centre of decisions about water supply, sanitation and hygiene promotion programmes and activities, there is evidence of positive effects extending into many aspects of women's lives. These include the opportunity for greater privacy and personal dignity, better all-round health (including during pregnancy and childbirth), increased educational opportunities, better personal safety and more possibilities for earning income.
Issues of safety and dignity
Inadequate water supply and sanitation facilities can seriously compromise the safety and dignity of women and girls. Without sanitation facilities, they may be forced to wait until nightfall to relieve themselves in private, thus making them vulnerable to physical or sexual assault in secluded areas. With the provision of appropriate toilets, women and girls can use them at any time, in private, without shame, embarrassment or fear. 7 This is a liberating development for women whose lives can often be dominated by this basic need.
Accessing some sources of water can also present dangers ( Figure 1 ). In Kenya, Nakwetikya, a 60-year old Masai woman, has benefited from a new water source as she no longer has to climb down the very dangerous open wells that were the previous means to access water. 8 Nakwetikya's sister was crushed to death when a well collapsed, leaving her to bring up her sister's four children. Before the improvements, cholera was an annual occurrence. The incidence of diarrhoea was high, with frequent child deaths including three of Nakwetikya's children.
Where facilities are provided, they may not necessarily be designed to meet the physical and psychological demands of women. The South African aqua privy 9 requires water to be poured into the toilet bowl after use and the sludge emptied periodically by women (a task that can render her unmarriageable). Other problems include the fact that fetching water is an obvious sign that a woman needs to use a toilet, toilets often face the street (causing embarrassment and harassment), sanitary pads cannot be flushed into the bowl and the toilets are too small for pregnant women and women with children to use comfortably.
In contrast, Utthan 10 (an Indian implementing support agency) aims to improve water and sanitation services through capacity building and community mobilisation. Half of all local committee members are women and women-focused hygiene programmes have been established. Utthan shows women advocating for the sanitation systems and stand posts that they really want, that is, those that offer them privacy and safety. Furthermore, loan schemes have been set up to enable households to buy them.
Associated with this, women's dignity is often compromised by the symptoms of menstruation, pregnancy and the post-natal period. When the women in Songambele village, Tanzania, were able to bathe regularly during menstruation, they reported that their improved personal hygiene resulted in increased confidence. Prior to this, women who were perceived to have problems maintaining levels of cleanliness suffered intense humiliation by being taken before the elders. 11 Ensuring women's safety and privacy leads to their greater selfconfidence ( Figure 2 ). An assessment of the impact of water, sanitation and hygiene interventions 12 describes the experience of Mdala Herieti of Berege, Tanzania, who confirms that having water near women's homes has improved menstrual hygiene and made women feel more confident in front of others.
Health and wellbeing
Water, sanitation and hygiene interventions result in widespread health improvements for the whole community, primarily by lowering the incidence of water-borne and communicable diseases. 13 This is advantageous for women, not only for their own health, but also as they have the main responsibility of caring for the sick.
Evidence suggests that years spent carrying heavy loads of water over long distances can injure the back and neck ( Figure 3 ). The 'back happy' tapstand in rural Tibet has a waist-high shelf and a higher tap, thus allowing women to fill 15-20 litre metal jars of water without bending. Women report that this design has improved their quality of life. 14 The other major specific health impact on women is caused by having to delay relieving themselves. 15, 16 This increases the likelihood of urinary tract infection and chronic constipation, as well as causing psychological stress. Furthermore, in rural Bangladesh, urinary and vaginal infections are common amongst women whose only form of sanitary protection is 'nekra' rags, torn from old saris and washed in unclean water. 17 2.2.1. Pregnancy and childbirth. 'Improving maternal health' is MDG 5; its target is to reduce the number of women dying in childbirth by 75% by 2015. Many of the determinants of maternal and infant health and wellbeing are multi-sectoral and require programmes that provide improvements beyond the health sector. Gender inequalities, including poor access to and control of resources, are linked strongly to maternal morbidity and mortality in sub-Saharan Africa. 18 Easy access to safe water improves maternal health, partly as pregnant women no longer have to struggle with heavy loads of water several times a day. 19 It is known that carrying traditional water pitchers on the hips can cause difficulties during pregnancy. 20 Sickness through water-borne disease is also avoided through the use of clean water and better hygiene. Pregnant women face a greater risk of hookworm infestations, which has been linked to low birthweight and inhibited child growth. Studies in Haiti show that good hygiene and access to plentiful clean water reduce these risks. 19 Water of good quality for pregnant women is also vitally important to protect them from serious diseases such as hepatitis. 21 Puerperal infections are mainly caused by unhygienic practices and poor infection control in labour and delivery 22 and are the cause of 15% of all maternal deaths. 23 The promotion of hand-washing and hygienic practices during childbirth reduces the chances of such infection. In Tanzania, increased availability of water during and after childbirth reduced postnatal infections. Blagborough 12 reports that the work of traditional birth attendants such as Mdala Rhoda in Songambele village, Tanzania, was made easier and more effective by being able to replenish her supply of water.
Disability.
Disabled women and men benefit directly from innovations that make their use of water and sanitation easier by being able to wash and attend to their needs without help, being less restricted and being able to contribute to the family's livelihood. Jones and Reed 24 provide evidence of specific impacts on disabled women. Mrs Rong Ry, paralysed below the waist, is a wheelchair user living with her husband and children in a rural village in Siem Province, Cambodia. The family has constructed a screened bathing area made from palm leaves and plastic sheet on a bamboo frame, big enough for a wheelchair to turn in, with a bathing bench and a water storage jar. This allows her to transfer from her wheelchair to the bench for personal washing and doing laundry. Previously, she remained upstairs and was dependent on her husband for personal care.
A further example is Mrs Pethayee from Ponnusangampatti, Tamil Nadu, India, who struggles to walk due to polio. Water Partners International installed a western-style toilet rather than a traditional squat-style latrine, which is easier for her to use. 25 Caring for disabled individuals within the household often falls naturally on women. Any measures that can assist the disabled person in their use of water and sanitation facilities also make the job of the carer easier. Jones and Reed 24 provide a further example. Nine-year old Shathi lives with her family in one room in a slum area of Dhaka, Bangladesh. Shathi, who has cerebral palsy, has a metal commode chair on which she is able to sit without support. For her mother, the toilet chair means she spends less effort providing basic care for her daughter, freeing up time to take her to the therapy centre and to grow vegetables for the family to sell for extra income.
Education
Water and sanitation related diseases can affect children's physical and mental development and sickness prevents them attending school. Of the 120 million school-age non-attenders worldwide, the majority are girls. Regionally, this means that 41% of all primary-school-aged girls who are not enrolled at school live in South Asia and 35% live in sub-Saharan Africa. The effect of this lack of schooling is that two-thirds of all those who are illiterate in the world are women. 26 Table 1 shows the level of inequality between the proportions of boys and girls who go to school. 27 This can be partly attributed to the lack of convenient clean water supply and safe sanitation at community level. Girls, just like their mothers, have prime responsibility for providing the family with enough water to meet their daily needs for drinking, washing and cooking. The equation is simple: when women and girls have easy access to a clean water supply, less school time is lost fetching water. 28 There is strong evidence to confirm this link. School attendance by girls has risen since the introduction of water points in four communities in Arappalipatti and Panjapatti, India, which has, in turn, increased women's literacy levels. 12 The rural water supply and sanitation project of the World Bank in Morocco found a 20% increase in school attendance over four years, attributed in part to a reduction of between 50-90% in the time required for fetching water. 29 Furthermore, female pupils, especially those who are pubescent and menstruating, can be deterred from attending school if there are no private and separate sanitation facilities and a clean water supply. 30 An assessment of 20 schools in rural Tajikistan revealed that all girls chose not to attend during their menstruation as there were no sanitation facilities available. 31 Where these are provided, school enrolment increases and drop-out rates decrease. 30 Predictably, the recruitment and retention of female teachers is also affected by a lack of services, both at school and at home. WaterAid reports that, since their clean water programmes in India, Tanzania and Ghana, teachers are more likely to accept posts in these areas which formerly were difficult to fill. 12 
Income generation
Where there is no convenient water source, a great deal of time can be spent walking long distances-African and Asian women walk an average of 6 km each trip in order to fetch water. 12 A Unicef study of rural households in 23 sub-Saharan countries found that a quarter of women spent 30 minutes to an hour each day collecting and carrying water, and 19% spent an hour or more. 32 In Mile Gully, Jamaica, women spend on average between two to five hours carrying water every day. Additionally, time is spent going to the river to wash and, on average, washing takes place three times a week. 33 This clearly has implications for women's ability to undertake other activities.
Providing local water sources frees up time for women and leads to both direct and indirect opportunities to engage in activities that provide income. 34 Direct opportunities are those that allow women to develop particular aspects of income generation that need a supply of water. Indirect opportunities are those that become open to women as more time becomes available as a result of a convenient water supply.
2.4.1.
Making an income from water. There are many examples where women have become involved in the provision of water. This can mean setting up their own licensed water vending points. The results have been a fairer, fixed price for water and employment for the women servicing the water points, with the profits contributing to funding local community projects. Since state subsidies have been used in Bangladesh to install deep wells with mechanised pumps, women have become water vendors, thereby directly benefiting financially from the new technology. 35 Women are also able to earn a living by providing support for improved services. In Nyakitunda, Uganda, a Unicef programme promoting rainwater harvesting trains women in all associated technical, marketing and management aspects of water provision. With seed funding for premises and casting yards, the women make and sell water jars and slabs. Bwengye-Kahororo 36 states that the scheme has given women more time for housework and farming and that their daughters are more likely to attend school.
A good water source can provide additional income-generating opportunities for women in activities that require plentiful, clean water, e.g. brewing, running teashops and laundering clothes. 37 There is a significant amount of evidence in support of this. For example, the Self-Employed Women's Association (Sewa) comprising 215 000 poor self-employed women, launched a tenyear water campaign in nine districts of Gujarat, India.
Watershed committees were established, with at least seven of the eleven members being women including a female chair. As a result, 15 farm ponds were constructed, 120 tube wells recharged, 20 village ponds repaired, 3 check dams recharged and 15 open wells established. Women in the community have been able to benefit from the more productive land through a range of green belt employment opportunities. 37 In another example, in Bangladesh the Grameen Bank and Grameen Krishi Foundation deep-tube well programme was aimed at linking agricultural efficiency with women's empowerment. As agricultural work provides local women with more income than their traditional areas of work, improved irrigation schemes led to increased income, giving women more confidence and reducing their dependence on men (Figure 4 ). 38 Clearly, there are benefits for women emanating from involvement in water-related activities, either in support of its supply or using it as a resource. These offer associated benefits such as increased status, financial security and confidence.
2.4.2.
Releasing time to earn an income. It has been demonstrated that convenient water and sanitation services lead to significant time savings, which in turn impact on women's income earning capacity. WaterAid 39 recounts the experience of a mother of six, Mrs Gamma, who is a founder member of the WaterAidfunded Lifuwu Water Project Committee in Malawi. The former unprotected well has been replaced by a handpump and is maintained by the community. Women report that as a consequence of the supply of safe water, less time is now spent caring for sick children, they have more time to work the land and have built a new school. Mrs Gamma has plans to use the manure from the pit latrines to improve her crops and sell them. In India, Gujarati, women's economic productivity has also increased due to time savings. An additional programme of support for the women to develop handicrafts addressed the usual constraints to taking up new enterprises-lack of funds and poor access to credit. 40 Clearly, time saved in water carrying does not generally result in women being less productive. 12 Only the nature of the tasks change. However, there is evidence to suggest that quality of life may still be improved. Hoogervorst 41 demonstrates the impact of a Netherlands Development Organisation (SNV) programme in Benin, which constructs boreholes to provide safe drinking water. An evaluation noted that while women enjoyed time savings, they then increased the time spent working on the fields with their husbands. Despite this heavy workload, women felt that life was easier overall.
A CENTRAL ROLE FOR WOMEN
Women who become involved in the planning, design and implementation of water, sanitation and hygiene interventions often find this an empowering experience ( Figure 5 ). Both the women concerned and the wider female community are now seen as having skills and potential. This general improvement in status within the home and community opens up many kinds of opportunities for women, including different means of income generation and, sometimes, the possibility of going on to occupy other public and influential roles.
Improved status
A poignant demonstration of the change in women's status due to their involvement in a community water committee is given by the words of Nakwetikya of Ndedo village in Tanzania 42
Three years ago, before we formed a committee and prepared ourselves as a community for the water source, men just saw women as animals. I think they thought of us as bats flapping around them. They had no respect and no one would allow you to speak or listen to what you had to say. When I stand up now in a group meeting I am not an animal. I am a woman with a valid opinion. We have been encouraged and trained and the whole community has learnt to understand us. I was treated like a donkey only fit to carry baggage all the time. Or a scrap of paper, just rubbish in the wind. I can assure you though, that if you come back in a few years you will see that women will be leaders of this village. That will bring so many benefits to everyone! These changes, however, may not be without opposition.
In Hoto village, Pakistan, women were allowed to assist in the strategic development of a drinking water supply. Women's suggestions were adopted as the most cost-effective measures despite the fact that they were contrary to those of the men. As a consequence, the position of the women became one of active participation in the community. They have since demanded hygiene education for women, and have organised household contributions towards operation and maintenance of the water system. The most significant effect is judged to be that they are now sending their daughters to school. 43 A further impact of women's involvement has been shown to be an increase in their areas of responsibility and influence. This is demonstrated by the work of Acord-a Tanzanian women's organisation working with local government in the Geita township-to identify water sources and carry out participatory analysis of water use patterns in the community. Forty percent of newly established water source committees are made up of women and this has acted as a springboard for them to engage with local development issues relating to education and the environment. 44 
Women as positive role models
Women actively involved in water resources management can provide a positive role model for other women in the community. For example, Shanti Bhut is a 21-year old married woman in Baitandi, Nepal. Formerly vice chair of a gender and casterepresentative Water and Sanitation User Committee and trained as a paid maintenance caretaker, she has progressed to become vice president of a gender-sensitive savings and credit steering committee. Her skills and ability to earn an independent income mean that she is a source of pride to her in-laws and she is held up to other women as a positive role model within the community. 45 Similarly, on the island of Hispaniola, in the Dominican Republic, the influential role of women in water supply projects has led some individuals into local politics or study, while others have gained the confidence required simply to negotiate their own needs. 46 
Women as skilled workers
There are many examples of women involved directly in the technical operations and management of water and sanitation services. This requires a certain level of training and expertise, and challenges traditional perceptions about women's status, skills and capabilities held by the community, the family and even the women themselves. Coordinated by Care-El Salvador, the Agua project has promoted leadership in women, encouraging them to participate on the boards of directors of various water systems and training them as community producers, promoters and managers of small companies.
There are many other instances in which women successfully carry out technical jobs, for example, as latrine builders ( Figure 6 ) or handpump caretakers. 12, 47, 48 Although women in India were not initially well received as mechanics for the India Mark II handpump, they have earned the reputation of being effective, skilful and dependable. 49 Such employment can provide an opportunity for selfsufficiency when women have no male relative to support them Figure 5 . Women discussing water supply options and their children. Nepal Water for Health 50 describe the case of a 34-year old Nepalese woman who was trained as a mason on a drinking water, hygiene education and sanitation project. Abandoned by her husband, she is the sole breadwinner for her two children and now works building latrine superstructures and foundations, installing pans and constructing slabs and rings. In spite of opposition from male masons reluctant to work alongside a woman, she is now a successful skilled mason and is able to provide for her children independently.
CONCLUSIONS
There is a great deal of evidence of the positive effects arising from positioning women and their interests at the heart of planning and implementation of improvements to water supply and sanitation. The examples in this paper come from a wide range of sources and locations around the world, but the fundamental impact is always the same: the intervention is more successful and sustainable, resulting in many and varied improvements to the quality of life of the women affected and the community in general. The success rate of these interventions is seen to be largely due to the fact that women have a good knowledge of local water and sanitation practices which, when incorporated into intervention programmes, result in improved health and quality of life for them and the community. It is important that these effects are recognised by the engineering sector, with the consequence that they inform the planning, design and construction of future water supply and sanitation services.
The impacts on the lives of individual women are many and varied, but include more active roles for women in aspects of community decision-making including (a) opportunities to make a valuable contribution to their families' livelihoods or to gain financial independence (b) an increase in female school attendance and a decrease in drop-out rates (c) reductions in child mortality and maternal morbidity and mortality (d ) improved health for women and girls (e) increased privacy and dignity ( f ) less physical injury from carrying heavy loads of water.
Returning to a consideration of the MDGs, this evidence of firm linkages between MDG 3 and MDG 7 provides an invaluable advocacy tool for the implementation of more people-centred and gender-sensitive approaches.
